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Report  No.  8926- 127 

Material  -  Stainless  Steel  -  Type  4l0,  Casting 

Effect  of  Surface  Preparation  on  Adhesive 
Bond  Strengths 


Abstract : 

Hie  comparative  effectiveness  of  a  sulfuric  ac±d- sodium  dichromate  and  a 
boiling  hydrofluoric  acid  surface  preparation  in  providing  suitable 
structural  adhesive  bonds  between  Type  410  stainless  steel  castings,  and 
7075- T6  clad  and  2024-386  bare  aluminum  alloyB  was  determined.  The  sulfuric 
acid- sodium  dichromate  cleaner  consisted  of  distilled  water,  2  per  cent 
sulfuric  acid  and  2  per  cent  sodium  dichromate  used  at  room  temperature. 

The  hydrofluoric  acid  cleaner  consisted  of  a  10  per  cent  aqueous  hydro¬ 
fluoric  acid  solution  used  at  its  boiling  temperature  for  5  minutes.  The 
I  adhesives  used  to  compare  the  adhesion  characteristics  of  the  different 

|  stainless  steel  surfaces  were  EC- 1459  primer  and  AF-10  film  (Minnesota 

•  Mining  and  Manufacturing  Co.),  and  they  were  cured  at  350°F  for  2  hours 

under  a  pressure  of  100  psi.  Satisfactory  adhesive  bond  strengths  were 
obtained  with  both  surface  preparation  methods.  The  hydrofluoric  acid 
method  generally  provided  the  higher  strengths,  however.  Pertinent  re¬ 
sults  are  tabulated  below: 


Alloys  (l)  Cleaner  (2)  _  Bond  Strength 


R.T. 

SS(3) 

-67"F 

300UF 

7075-410 

1 

3190 

4030 

2110 

2275 

7075-410 

2 

3635 

3690 

2945 

l62C 

2024-410 

1 

2690 

3910 

1690 

1670 

2 

3320 

4050 

2480 

1560 

7075-7075 

1 

4015 

4155 

l6l0 

2.45 

2024-2024 

} 

3890 

4l65 

2115 

2265 

(1)  7075-T6, 

2024-386  aluminum  alloys, 

Type  4 10 

stainless 

steel . 

(2)  1,  sulfuric  acid- sodium  dichromate  cleaner;  2,  hydrofluoric 

acid  cleaner. 


(3)  ^tested  at  room  temperature  after  30  days  salt  spray  e;;,  osure. 

Reference:  Pearson,  H.,  Picotte,  0.  L. ,  Keller,  E.  E.,  "Aluminum  to 
Stainless  Steel  Bond  Tests,"  General  Dynamics/Convair 
Report  MP  57-603,  San  Diego,  California,  30  December  1957 
(Reference  attached). 
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ABSTRACT:  The  comparative  effectiveness  of  a  sulfuric  acld-sodlum  dichromate 
and  a  boiling  hydrofluoric  acid  surface  preparation  in  providing  suitable 
structural  adhesive  bonds  between  Type  4lC  stainless  steel  castings,  and 
7075-K5  clad  and  2024-106  bare  aluminum  alloys  was  determined.  The  sulfuric 
acid-sodium  dichromate  cleaner  consisted  of  distilled  water,  2  per  cent 
sulfuric  acid  and  2  per  cent  sodium  dichromate  used  at  room  temperature. 

The  hydrofluoric  acid  cleaner  consisted  of  a  10  per  cent  aqueous  hydrofluoric 
acid  solution  used  at  its  boiling  temperature  for  5  minutes.  The  adhesives 
used  to  compare  the  adhesion  characteristics  of  the  different  Btainless  steel 
surfaces  were  EC- 1459  primer  and  AF-10  film  (Minnesota  Mining  and  Manufacturing 
Co.),  and  they  were  cured  at  350 °7  for  2  hours  under  a  pressure  of  100  psi. 
Satisfactory  adhesive  bond  strengths  were  obtained  with  both  surface  preparation 
methods.  The  hydrofluoric  acid  method  generally  provided  the  higher  strengths, 
however  Pertinent  results  are  tabulated  below: 


(see  next  card) 
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Title:  MATERIAL  -  STAINLESS  STEEL  -  TYPE  llO,  CASTING.  EFFECT  OF  SURFACE 
PREPARATION  ON  ADHESIVE  BOND  STRENGTHS. 


Alloys  (l) 

Cleaner  (2) 

Bond 

Strength 

R.T. 

ssTT 

-&(F 

300 1 2 3 "F 

7075-410 

1 

3190 

4o8o 

2110 

2275 

7075-^10 

2 

3635 

3690 

2945 

1620 

2024-410 

1 

2690 

3910 

1690 

lb70 

2 

3320 

4050 

2480 

1560 

7075-7075 

1 

4015 

4155 

1610 

2145 

2024-2024 

1 

3890 

4165 

2115 

2265 

(1)  7075“ 2024-TB6  aluminum  alloys,  Type  410  stainless  steel. 

(2)  1,  sulfuric  acid- sodium  dichromate  cleaner; 

2,  hydrofluoric  acid  cleaner. 

(3)  Tested  at  room  temperature  after  30  days  salt  spray  exposure. 
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INTRODUCTION > 

In  accordance  with  a  latter  froa  AMC,  substantiation  of  the  stainless 
steal  surface  treatment  described  in  paragraphs  3. 2. 2. 4  and  3*2*2. 5  of  Convair 
Specification  8-01318  was  deemed  necessary.  The  relative  effect  of  cleaning 
with  sulfuric  acid-sodiua  dichrosate  type  solutions  and  of  hydroflaorio  aoid 
cleaners  on  bond  strength  was  desired*  The  stainleas  steel  alloy  to  be  tested 
was  Type  410  in  oast  fora. 

ObJECT i 

To  evaluate  present  stainless  steel  cleaning  aethods  on  Type  410  oast 
stainless  steel  in  accordance  with  Convair  Specification  6-01318. 

COBSMSIOEi 

Satisfactory  results  were  obtained  with  both  the  sulfuric  aoid-sodiua 
dichroaate  and  hydrofluoric  aoid  surface  treatment  systems.  The  hydroflaario 
acid  method  specified  in  3.2.2. 5  is  the  better  of  the  two  systaas  in  regards 
to  bond  strength. 

ffWgtftffHPATION: 

Scae  thought  should  be  given  to  the  neoessary  strength  requirements  before 
establishing  a  production  line  surface  treataent  syatsa  on  this  type  steel. 

Bven  though  slightly  higher  tensile  shear  values  are  obtained  by  the  alternate 
cleaning  method,  it  would  be  considerably  aore  hazardous  in  operation.  The 
use  of  boiling  hydroflaerie  aeid  in  the  cleaning  procedure  would  necessitate 
the  use  of  special  cleaning  tanks  and  severe  safety  precautions.  Possibly  the 
loss  in  bond  strength  oould  be  sacrificed  to  allow  for  ease  in  handling. 

pkwiptiw  qt  aasama* 

The  speoiaons  were  of  the  lapped  tensile  shear  type.  One  half  of  each  teat 
speoiaen  was  aluminum  and  the  other  half  steel.  The  aluminum  half  specimens 
consisted  of  two  types.  These  were  .064"  7075-T6  clad  and  .064  2024-T86  bare 
aluainua  alloys.  They  were  cut  and  subsequently  milled  to  one  by  four  lnoh 
dimensions.  These  will  hereafter  be  referred  to  as  type  *A*  and  type  *B* 
aluainua  respectively. 

The  steel  half  of  specimens  were  cut  froa  four  F-106  rudder  herns.  It  was 
found  that  by  naking  sons  of  the  samples  slightly  less  than  the  desired  one  by 
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four  sis* |  forty-one  pisoss  .051"  tbiok  could  b«  obtained.  During  tbs 
Billing  operation  both  sidsa  of  tbs  apeciaens  wars  given  a  125  micro inch  finish. 

A  duplicate  set  of  aluainua  to  aluminum  apeciaens  were  prepared  for  oontrol 
purposes . 

The  aluainua  half  of  test  apeciaens  were  cleaned  with  diohroaate-sulfUrie 
acid  cleaning  solution  as  set  forth  in  paragraph  3.2.2. 1  of  Specification  8-01318, 
oven  dried  for  20  ainutes  at  175°  F,  allowed  to  cool  to  rooa  temperature  and 
prised  with  EC  1459,  LOT  16H6S.  The  apeciaens  were  then  air  dried  for  15  ainutes 
at  rooa  temperature  and  precured  30  ainutes  in  a  circulating  air  oven  at  280°  F, 
preparatory  for  bonding. 

The  steel  half  of  test  specimens  were  divided  into  two  groups.  One  group 
was  cleaned  in  accordance  with  paragraph  3.2.2. 4  of  Specification  8-01318  and 
shall  be  referred  to  as  type  1.  The  other  group  was  cleaned  by  the  method 
specified  in  paragraph  3*2.2. 5  of  Specification  8-01318  and  shall  be  called 
type  2.  Both  sets  of  specimens  were  then  dried  and  prised  in  the  saae  Banner 
as  were  the  aluainua  specimens  described  above. 

A  special  jig,  see  Figure  1,  was  fabricated  to  hold  the  speoiaens  in  plaoe 
during  the  bonding  operation.  This  fixture  maintained  the  overlap  distance  as 
well  as  the  alignment  of  the  two  half  speoiaens*  All  specimens  were  beaded 
with  A F  31,  LOT  24  adhesive  at  350°  F  ±  10°  F  for  2  hours  t  5  ainutes  and  at  a 
pressure  of  100  psi  ±  5,  according  to  the  procedure  set  forth  in  Convalr 
Specifications  8-01318  and  0-03007. 

The  bonded  specimens  were  of  four  kinds)  type  "A"  aluainua  bended  to 
type  1  and  2  steel  and  type  "B*  aluainua  bonded  to  type  1  and  2  steel*  Hereafter 
in  this  report  these  test  speeiaeas  will  be  referred  to  by  the  feUeviag 
designations}  Aj,  A2,  Blf  and  B2  respectively.  Kadi  type  of  specimen  was 
tested  as  follows i  room  temperature,  room  temperature  after  thirty  days  exposure 
to  salt  spray,  minus  67*  F.  and  plus  300°  F*  The  speoiaens  subjected  to  salt 
spray  exposure  were  tested  within  two  lours  after  their  removal  frsa  the 
environmental  cabinet.  The  salt  spray  exposure  was  done  in  aooordsnoe  with 
Specification  QQ-H-151. 

All  testiag  was  done  on  a  Tinius  Olsen  testing  machine  with  apprepriate 
attachments. 

Bg.qm.Tflt 

The  results  of  tensile  shear  tests  are  recorded  in  Tables  1,  2,  3,  and  4* 

Note;  Tho  300°  F  tensile  shear  values  given  in  Tables  1  and  2  ore  loir  due 
MOTE  i  go  a  meouanical  failure  of  yhe  testing  machine , 

The  data  from  which  this  report  was  prepared  are  recorded  in  Data  Book  He*  891 
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